Magnetism, rare earth, crystal structure
Introduction
The entropy of paramagnetic solids may be regard ed as partly thermal and partly associated with ma gnetic properties. The reason of associating entropy of these solids with their magnetic properties mainly lies in the fact that it refers to a measure of the ran domness of distribution. In view of these facts, D e b y e and G i a u q u e envisaged the possibility of producing the temperatures below 1 K by adiabatic demagneti sation. G i a u q u e and C l a r k 1 deduced the conditions for producing such temperatures. The production of low temperatures such as below 1 °K is of very great significances because the electrical properties at these temperatures begin to behave abnormally. Rare earth salts have been found quite satisfactory for achieving the desired purpose. As such, the study of magnetic properties of rare earth salts has formed of very inter esting subject and has engaged the attention of quite a large number of workers. Moreover, in rare earth ion M3+, all the inner shells except 4f and the outer 5s and 5p shells are fully occupied but the 4f shell is filled progressively according to the serial order of the rare earth ion. The electrons of the incomplete 4 f shell responsible for the paramagnetic behaviour of the ion would partly be shielded by 5s and 5p electron shells from the strong electric fields in these rare earth crys tals and this shielding action of the outer shells will
Requests for reprints should be sent to O. P. greatly reduce the influence of the crystalline field in the crystal which would ultimately affect the parama gnetism of the rare earth ion. Under these circumst ances, the quantum number J representing the total angular momentum cannot be taken as a good quan tum number and thus the rare earth ions would retain characteristics of their free states. The principal axes associated with various ions in the unit will be orient ed relatively to one another in order to form the sym metry of the unit cell from the individual paramagnetic units already present. Therefore, the observed mag netic anisotropy of the single crystal will represent the average effect of the different ions in the until cell which have been oriented relatively to one another rather than the anisotropy of the individual ions in the unit cell. In this way, the symmetry of the crystal line field is expected to deviate reasonably whenever there are two or more ions in the unit cell. Hence the problem of explaining the observed magnetic pro perties of the crystal in terms of the crystal structure, magnitude and asymmetry of the crystalline field would become sufficiently complicated.
In this paper, the results of the magnetic properties of the single crystal of cerium ion have been discussed in the light of crystalline field theory developed by B e t h e 2, v a n V l e c k 3, P e n n e y and S c h l a p p 4-5.
Experimental
Crystals were grown out of the aqueous solution of very high purity specimen of cerium ammonium sul phate. The crystals obtained were tested by X-ray methods and only the single crystals were chosen for magnetic measurements.
The magnetic measurements at room temperature involved three of the followings:
1 . The determination of the direction of the prin cipal magnetic axes.
2 . The measurement of the difference between the principal susceptibilities.
3. The determination of the absolute susceptibility along any one convenient direction in the crystal.
The experimental methods used for the above measurements were the same as described in the pre vious paper of the author 6 and the measurement of absolute susceptibility along any one convenient direc tion in the crystal was carried out by an electrodyna mic microbalance developed by N e o g y and L a l 7.
Results
The crystals were monoclinic prisms. Here x3 re presents the gram-molecular susceptibility along 'b' axis while the greater of the two in the (0 1 0 ) plane is and the smaller x2, is the angle which the crystallographic V axis makes with the j^-axis.
The effective magnetic moment of the crystal is cal culated by:
where represents the susceptibilities Corrected for diamegnetism for both cation and anion. Diamagnetic corrections for the different groups were taken as given below according to S e lw o o d 8: Table I . Magnetic anisotropy at 27 °C.
S 0 42-= -40; H20 = -12; NH41+ = -11.5; Ce3+ = -20.
The unit of x is 10"6 of a c.g.s. electromagnetic unit.
Discussions
According to the crystalline electric field in the vicinity of the paramagnetic ion may be regarded to conform to a potential of the type,
where the fourth degree terms represent the cubic part and the square terms the rhombic part of the field. The sixth degree terms and also the spherically sym metrical terms have been neglected as their contribu tion is sufficiently small compared with that of the fourth degree terms. The cubic part of the field pre dominates over the rhombic part and determines to a first approximation the deviation of the mean of the three principal susceptibilities of the crystal from the ideal free ion value. The rhombic part determines the anisotropy of the crystal and its influence on the mean susceptibilities.
As far as the Ce3+ ion is concerned its ground state is a doublet F-state, 2 F . The next higher level1 F is separated from the ground state by 2510 cm-1 which is quite wide and, therefore, its influence on the mag netic behaviour of the ion is almost negligible. Under the influence of cubic field, the 2F5/2 level splits up into doublet level above and a quartet below. When the rhombic field is superimposed over the cubic field, the quartet splits into the doublet (Fig. 1) .
free ion cubic rhombic Fig. 1 . Magnetic studies of cerium ammonium sulpha te in relation to crystal structure.
This two-fold degeneracy retained by each of the three levels is of the spin type. As the Ce3+ ion has an odd number of electrons so even in strong field the separation of these doublets will be very small i.e., 0, 153, 696 cm-1 respectively as calculated by K r a m e r 's 8 formulation. The observed value of the mean magnetic moment also agrees with the calculated value.
Magnetic anisotropy in relation to crystal struc ture
Taking a similarity in the structure with the crystal of cerium ethyl sulphate, it may be safe to assume that the monoclinic cell of the substance under study con tains two molecules in the unit cell. In this case, the principal susceptibilities of one of the molecules can be obtained from those of the other by reflection in the (0 1 0 ) plane of the crystal. We assume the approximate axis of magnetic symmetry along the normal to the plane containing the Ce3+ion and parallel to the plane containing the oxygen atoms. Let the gram-molecular susceptibility be represented by K u and that along the direction in the plane just referred by K^. Now in view of the uni-axial symmetry possessed by the para magnetic unit, the j^-axis should evidently be the direction along which both the above mentioned planes intersect and the xi-axis should be the projection of the normals to the planes just mentioned on (0 1 0 ) plane. Let these normals make an angle 0 and 0 re spectively with the (010) plane. Evidently we get:
From the above equations we get: The anisotropy AK/K = 243/1918 = 1 2 .6 % .
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Conclusion
From the above discussions it may be concluded: a. The cubic field in cerium ammonium sulphate is very much stronger. This may also be due to this fact that the cerium ions are perhaps surrounded by an octahedron of water molecules with their negatively charged oxygen atoms pointing towards the central Ce3+ ion.
b. The relative orientation of atomic groups with different ions in the unit cell averages out the aniso tropies of the groups and makes the resultant aniso tropy much smaller i.e. 12.6 %.
